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Abstract

Author Manuscript

The FoodImage™ smartphone app transmits to researchers users’ photographs of food selection
and food waste, and includes user-tagged information about waste reasons and destination.
Twenty-four participants were trained to record food waste using FoodImage, food waste diaries
requiring visual estimation of waste quantities, and diaries requiring scale weights. Participants
used each method during three staged food-waste scenarios (food preparation, eating, and cleanout) in a randomized crossover trial. Two participants had extreme values for the weighed diary
method; therefore, accuracy results are reported with and without these two participants’ data.
Error was calculated as waste estimated with the experimental method minus directly weighed
waste. Mean absolute error from FoodImage was significantly smaller than or equal to the error
from both diary methods in each scenario. Furthermore, the mean values from FoodImage were
equivalent to directly weighed values in two out of the three tasks; while weighed diaries were
equivalent in two tasks only when the two participants with extreme values were removed.
Visually estimated diaries were equivalent for only one task. All 24 participants preferred
FoodImage to diaries and all rated FoodImage as less time consuming. Over one week, FoodImage
would require ~24 fewer minutes of users’ time to record all data. Unlike food waste diaries,
FoodImage also transmits data to researchers in real-time and provides detailed data on food
selection and intake.
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Introduction
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The United Nations and many countries have established goals for reducing food waste.1,2
In developed countries, households and consumer-facing institutions represent a key source
of food waste.3,4 Hence, understanding consumer response to food waste interventions is
critical to meeting goals. However, valid granular consumer food waste data remains sparse.
4–6 Popular methods for collecting household food waste data include surveys, diaries
(weighed and unweighed), and waste stream analysis, where each method features tradeoffs
among bias, granularity, respondent burden, and cost.7
Surveys prompt participants to retrospectively recall the frequency, amounts, or proportions
of waste for various foods used at home without the aid of diaries or other data. Surveys
limit respondent time burden and cost little to administer. The collected data are as granular
as is feasible given respondent memory, knowledge, and cognitive ability. The accuracy of
such surveys have been questioned in several fields.7–14 Survey data are subject to biases
due to the retrospective nature of reporting, the cognitive difficulty of estimating the quantity
or percent of food wasted, and social desirability bias.7

Author Manuscript

In waste stream composition analyses, household garbage is collected by researchers prior to
landfill, sorted into key categories (non-food and different food types), and weighed. The
method can be unobtrusive and limit respondent burden. Shortcomings include: the
exclusion of food discarded via disposal or sink, fed to pets, composted, etc.; loss of data
integrity due to water separation, compaction, co-mingling, and evaporation; an inability to
assign a reason for waste; omission of waste in dine-out and other eating occasions; and the
logistical burden to the researcher of capturing, sorting and weighing food waste before
garbage goes to landfill.15 Variants of this approach require participants to collect waste in
separate bins, which are then collected by researchers.16–17 This can improve data
granularity but increases respondent burden and provides feedback to respondents that may
alter behavior.

Author Manuscript

Diaries provide granular data (waste amounts, types, reasons, destinations), but impose a
greater burden as respondents must contemporaneously record food and drink discarded at
all meals and food handling situations throughout the study. In some designs, respondents
visually approximate waste quantities, while in others respondents use scales to weigh
waste, which may reduce approximation error but increases respondent burden and
administrative cost. Systematic underreporting of waste is well established for diaries,18
with reported magnitudes being 40%19 to 47%20 less than amounts reported from waste
stream analyses (which, as detailed above, omit some waste). Diaries also provide
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respondents ongoing feedback (i.e., continual documentation of waste levels) that may alter
behavior, thus confounding measurement of the effects associated with focal interventions.

Author Manuscript

Collecting data about food waste created in day-to-day household operation is challenging.
Nutritionists face similar challenges when measuring food intake in such free-living
conditions. Self-report methods, such as written food intake diaries, require participants to
accurately remember food types consumed and estimate portion sizes eaten. The accuracy of
diaries for measuring food intake have been questioned.10, 21–23 Importantly, about 50% of
error in self-report food intake methods is due to participant inability to accurately estimate
portion sizes served and left uneaten.24 Additionally, self-report methods are associated
with: larger underestimates of food intake for overweight or obese individuals;21
respondents selectively underreporting dietary fat intake;26 and respondents undereating
during monitoring periods.25–26 Each issue can yield data that misrepresent habitual food
intake. We expect similar avenues of error with food waste measurement.
These challenges have been addressed for the measurement of food selection and food intake
through the development and deployment of the Remote Food Photography Method©
(RFPM) and the SmartIntake® smartphone app. The RFPM measures the energy27–28 and
nutrient intake of adults27 with error of only 3.7% over six days in free-living conditions
compared to gold standard methods.27 Importantly, and unlike self-report methods, RFPM
quantifies food selection and plate waste with food intake calculated as the difference
between food intake and plate waste. The method also does not result in reactivity or
alteration of energy intake during the period of observation.27 Hence, this method has
established procedures for the collection and analysis of food waste data.

Author Manuscript

Following these developments in measuring nutritional intake, an emerging alternative for
measuring food waste involves respondent use of digital photography.6–7,29–32 van Herpen
and van der Lans6 demonstrate that human raters can consistently assess the weight of
wasted food from respondent photographs, consistent with previous research in the nutrition
field.27–28, 33–34 However, van Herpen et al.7 emphasize that little is known about other
sources of potential bias (e.g., underreporting) and that the cost and scalability of digital
photography may limit use.

Author Manuscript

We assess the validity, time burden, and participant satisfaction associated with selfadministered food photography as a means for measuring household food waste as
implemented via the FoodImage smartphone app, and we compare these metrics to two
variants of household food waste diaries. We hypothesize that food waste will be equivalent
(within 20 grams) when measured with FoodImage vs. direct weights of food waste, while
food waste measured with the diary methods will not be equivalent to directly weighed food
waste. We also hypothesize that the error from FoodImage will be significantly smaller than
error from diary methods.

Methods and Materials
Twenty-four adults (22 women, 65.2% Caucasian, Age 18 – 59 y) from the Baton Rouge,
Louisiana area participated. Sample size was determined by power analysis (see supporting
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information). Inclusion criteria included: age 18–65 years, body mass index 18.5 – 50 kg/m2
(based on self-reported height and weight), conducted some of the household’s food
shopping and preparation, possessed an iPhone and operable Apple ID/password, and
affirmed willingness to complete all study procedures. Exclusion criteria included: persons
who were severely immunocompromised or pregnant. The predominance of female
participants is expected given the inclusion criteria concerning household food preparation
and that U.S. women spend more than twice the time in household meal preparation as men.
35

Relevant internal institutional review boards approved the research design. Respondents
provided written informed consent before enrollment. Data collection followed guidelines
for ethical treatment and good clinical practice. Participants received $30 for the study.

Author Manuscript

Participants used three methods – the FoodImage app, food diary with visual estimation
(diary: visual estimation), and food diary with scale (diary: with scale). Each method is fully
detailed in the supporting information. Briefly, for the FoodImage app, staff verified proper
installation and then instructed participants how to take photos of food and waste items
within the app, which included instructions to place a standardized visual reference card in
each photo (supporting information including figures S1–S4). Respondents were instructed
how to verify photo quality, to add informational tags to photos concerning the source,
quantity, destination, reason for waste, and any details concerning reason for waste, and to
ensure data was transmitted.

Author Manuscript

For diaries, respondents were provided with a formatted color-coded data collection sheet
and instructed how to record a waste item’s description, source, quantity, destination, reason
for waste, and any details concerning reason for waste (figures S5 and S7). A different sheet
with distinct coloring was provided for each task and diary type (visual estimation and with
scale). Respondent instructions were identical for both diary approaches except for the
quantity estimation method. Visual estimation instructions provided standard analogies (e.g.,
a fist approximates one cup; figure S6) while scale instructions encouraged proper use and
interpretation (e.g., reminders to record measurement units; figure S8). Participant training
was matched across all methods with respect to time and intensity. For each method,
participant training concluded when they showed mastery.

Author Manuscript

Respondents used each method to perform three tasks. First, participants measured food
waste created during a simulated meal preparation setting (Prep) with foods that included
edible and inedible parts. Second, they measured food waste created during simulated eating
conditions with plate waste (Eat). The third task involved measuring food waste created
during simulated cabinet and refrigerator clean-out due to the discarding of spoiled foods,
etc. (Toss). In a fourth task (reported elsewhere as it was not part of the primary outcome
data) participants record items and prices from a food shopping trip using a diary and via the
image capture features of FoodImage.
Lab personnel directly weighed all foods to provide the criterion value (i.e., the directly
weighed amount for establishing method accuracy/validity). Lab personnel also recorded the
amount of time each participant took to complete each task using each method. Each task
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was conducted in a lab kitchen at the Pennington Biomedical Research Center (PBRC).
Each respondent completed all training, tasks, and surveys during a single session, which
ended with a survey that asked participants to indicate whether the app or diary approach (1)
was their preferred method for recording data (user preferred method), (2) saved them the
most time during measurement tasks (perceived lower time burden), and (3) was more
accurate during the tasks (perceived more accurate). These three questions did not
distinguish between the two diary types and hence represents a ranking of the app versus
diary approaches in general. Twenty-four total sessions (one per respondent) were held
during May – July 2018.

Author Manuscript
Author Manuscript

Each session featured three forms of randomization. First, the order of using the app and
food diaries was randomized across participants, though participants always used the food
diary with scale after using the food diary with visual estimation (without scale). Note the
app provided no feedback to the participant concerning the amount of food wasted nor did it
require participants to estimate quantities. Second, respondents were randomly assigned to
one of several meals for the meal preparation and eating settings (pizza, hamburger,
spaghetti, chicken, pork chop and salad-focused meals – see supplemental materials for
more details) to improve robustness of results by ensuring that waste during food preparation
differed in its suitability for composting and/or discard via a disposal and that plate waste
differed in suitability for leftovers and/or discard via composting, garbage disposal, feeding
pets, or garbage. Third, the amount of waste per meal was randomly assigned and blinded
from the respondents and blinded from the research staff tasked with estimating waste
amounts from images captured using the app. The amount of food waste created for each
task and method was assigned randomly using an exponential distribution with the minimal
being 0% remaining (i.e., no waste) and the maximum being 74%. The randomization
procedure accounts for the order of measurement approaches so that the mean amount of
waste for each task does not differ by measurement method.
Data Preparation and Analysis
Data from the FoodImage app were prepared for analysis using methods very similar to the
RFPM.27–28 Images captured through the app were viewed by PBRC’s nutrition staff who
identified nutrient matches (Standard Reference 28)36 and estimated the mass of portions of
food prepared, selected, consumed, returned, and discarded at each stage.
Data from hand-written diaries were prepared for analysis via double data entry. Nutrient
values and weights were assigned by PBRC’s nutrition staff from the US Department of
Agriculture’s Standard Reference 28.36

Author Manuscript

One respondent, the first participant, was excluded from analyses of measurement error
(though not from analyses of perceptions of methods) because appropriate procedures were
not followed by study staff and, thus, data from all methods were not suitable for inclusion
into analyses concerning method accuracy. The first set of method accuracy analyses
includes data from all remaining participants (All Participants). The second set of method
accuracy analyses removed data from two participants who had extreme values for one of
the methods (diary with scale) as detailed in the results section. For lack of a better term,
results that exclude these two participants’ data are labeled as Adherent Participants.
Resour Conserv Recycl. Author manuscript; available in PMC 2021 September 01.
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1.

Differences in the frequency of participant adherence to method instructions such
that data were suitable for study inclusion.

2.

Differences in the frequency of missed (i.e., failing to record an item) or
phantom (i.e., reporting an item when none existed) items by method.

3.

Equivalency to the criterion value37 for each task and method. Equivalency was
assigned to be ±20 grams (0.71 ounces) and ±50 Calories of the criterion value.
These values were chosen prior to analysis and represent small but realistic
bands for assessing the method’s accuracy without demanding perfection.37 Any
item not recorded by a participant with a given method is coded as having a
measured value of zero and is included in the equivalency analysis.

4.

Differences in the mean measurement error between methods for each task,
where measurement error is the value recorded by the experimental method
minus the criterion value.

5.

Differences in the mean absolute error (MAE) between methods for each task,
where MAE is the absolute value of the measurement error.

6.

Differences between the variance of the criterion values and the variance of food
waste estimates for each method and task, and differences in the variance of food
waste estimates between methods for each task.

7.

Differences in the mean amount of time respondents spent completing
measurements between methods by task.

8.

Differences in the frequency of user preference across measurement methods.

Author Manuscript

The differences in measured values from criterion values and the differences between
measured values for each method pair was evaluated for adherence to the normal distribution
and determined to be sufficiently normal to use parametric testing for continuous variables.
Associations were tested with a Fisher’s Exact test for (1) and (2). Two-sided t-tests were
used for (3), (4), (5) and (7), and an F-test was used for (6). A binomial test was used for (8).
Statistical significance was set at 5%. Secondary analyses for each task and method include:
(1) regression analyses of how measurement error and MAE is related to the criterion value,
and (2) a t-test of whether the measurement error differs by race or age category.

Results and Discussion
Author Manuscript

A first assessment is the percent of participants that failed to adhere to instructions to such
an extent that the resulting data make subsequent analyses impractical. Two of the twentythree participants (9%) produced extreme values for some foods with the diary with scale
method, while no participants were classified as such for the other two methods. While the
frequency of participant adherence is not statistically different across the methods (p>0.10,
Fisher’s Exact test), the loss of data from two participants reduced the number of
observations suitable for analysis from 317 to 290 (by 27 observations or 8.5%).
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The next point of assessment is whether participants recorded all relevant items. Among all
participants (top half of Table 1), diary methods missed several items during the eating and
tossing tasks, with the difference being statistically significant for Toss (both diary
approaches resulted in significantly more missed items than FoodImage, which had zero
missed items, <DI>, p=0.01). If a week involved 14 preparation events with 4 items per
event, 28 eating events with 3 items per event, and 2 clean-out events with 5 items per event,
this would represent 150 total items requiring recording. Translating the per-task rates of
capture to a weekly total, it suggests that a diary with visual estimation would miss 4.2% of
items while a diary with scale would miss 2.8%. Similar patterns and magnitudes of missed
items were observed adherent participants (bottom half of Table 1). We also note that
participants using the diary methods also recorded phantom items that were not present
during Prep (n=2) and Toss tasks (n=2) (not listed in table), while FoodImage resulted in no
phantom items. The frequency of phantom item appearance was not significantly different
across methods (p>0.10, Fisher’s Exact test).
The accuracy of each approach was quantified by calculating its measurement error
(criterion value for each item minus the value estimated by participants using each method,
see Figure 1). We do so for all participants (top half - Table 1) and for the subset of adherent
participants (bottom half - Table 1).

Author Manuscript

During the Prep task, the FoodImage app (but neither diary approach) were equivalent to the
criterion value (i.e., the 95% confidence intervals did not contain 20 or −20, which is noted
with a ‘*’ next to the bracketed confidence interval in Table 1). The measurement error was
significantly different across the three methods (i.e., none of the values in the same row
share a superscript lowercase letter). Among adherent participants (bottom half - Table 1)
both FoodImage and diary with scale are equivalent to the criterion value (both feature a ‘*’
next to their bracketed confidence interval), and differences in measurement error among the
three methods become non-significant (all share the same superscript letter).
For the Eat task, only the FoodImage and diary with visual estimation approaches were
equivalent to the criterion value among all participants and the measurement error was
significantly different across all the methods. When only adherent participants are
considered, all three methods are equivalent to the criterion value, and measurement error no
longer differed significantly between methods.

Author Manuscript

For the Toss task, no method was equivalent to the criterion value and each approach’s
measurement error was statistically different from one another with the FoodImage
averaging less than the criterion value and the two diary methods averaging more than the
criterion values. The same was true among adherent respondents. Toss proved to be the most
difficult measurement task, perhaps due to product packaging as research staff struggled to
identify the contents of opaque packages from participant pictures captured with the
FoodImage app while the packages inflated user estimates derived from the two diary
methods.
Among all respondents across the three tasks, FoodImage consistently yielded an
underestimate of criterion values while the diary methods consistently yielded an
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overestimate. Among adherent participants, the only change was that the diary with scale
yielded an underestimate for Prep and an overestimate for the other two tasks. When all
participants are considered, diary with scale yields overestimates for all tasks and errors that
were several orders of magnitude greater than the errors generated by the other methods,
which arises because participants incorrectly assigned units when recording waste. The
incorrect assignment of units occurred inconsistently, however, such that a researcher
receiving similar diary data would be unable to simply recode all entries, e.g., from kg to g.

Author Manuscript

The mean absolute error (Figure 2) reveals a similar (though not identical) pattern of
measurement error as the equivalency results depicted in Figure 1 and Table 1. When all
participants are considered, FoodImage yields the smallest MAE for each task with the
difference being significant against diary with visual estimation for all tasks and
significantly different for the Toss task against diary with scale (see Table S2 for all test
statistics supporting lower case letters in Figure 2). When only adherent participants are
considered, FoodImage and diary with scale are never significantly different from one
another, though both of these methods have significantly smaller MAE than diary with
visual estimation for the Prep and Toss tasks.

Author Manuscript

Hence, among adherent participants, the comparison of error across methods becomes much
closer, with the diary with scale approach, which theoretically should be the most accurate,
matching FoodImage in terms of being equivalent to the criterion values for two of the three
tasks (Prep and Eat) and matching FoodImage on all tasks in terms of MAE. However, this
requires dropping 4 Prep items (7%), 7 Eat items (10%), and 16 Toss items (8%),
respectively, when dropping the 2 non-adherent participants. Furthermore, even once these
two participants were removed, the adherent participants using the diary methods still failed
to record more than 3% of individual items presented to them in the lab setting. Combining
non-adherence and missed items among adherent participants, the diary with scale yielded
37 (11.7%) fewer usable data points than FoodImage. The diary with visual estimation
yielded 14 (4.4%) fewer usable data points than FoodImage, which was attributable only to
missed individual items. As noted earlier, additional error is introduced by both diary
methods due to the inclusion of phantom food items that were reported but not actually
present.

Author Manuscript

When comparing the variance of values encoded by each measurement method to the
variance of the accompanying criterion values for each task (Table 1), we find that
FoodImage yielded variance that was statistically similar to the variance of the criterion
values for all tasks whether all participants or only adherent participants were considered.
Among all participants, the diary approaches yield variances that were significantly greater
than the variances from the criterion values in all but one case (diary with visual estimation
for the Prep task). Among adherent participants, the diary approaches yield variances that
were statistically similar to the variances from the criterion values in about half of the tasks.
In particular, and in line with results from the error measures discussed above, the diary with
scale approach yield variances that are several orders of magnitude larger than the other two
measures when all participants are considered, but remain consistently larger even when
only the adherent subset is used (though only one difference is statistically significant).
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Secondary analyses (Table 2) reveal that, for three of nine conditions, measurement error
becomes more downward biased as food waste increases. This is observed from the
significant negative regression coefficient for both the FoodImage app and diary with scale
among adherent participants for the Toss task (top panel, Table 2) and for the significant
negative regression coefficient for the Prep task for the diary with visual estimation. This
increase in downward bias with item mass can be seen in Figure S9, which depicts all
measurement error among adherent participants for the Toss task.
The MAE consistently increases with criterion weights, which can be observed as eight of
the nine regression coefficients are positive and significant in the second panel of Table 2.
Training for the FoodImage app and diary methods should focus on larger items as the mean
absolute value of the deviation between the criterion and measured value tends to increase
with the criterion value (i.e., for larger items).1

Author Manuscript
Author Manuscript

While measurement accuracy and consistency are essential, each measurement method
requires participant time and engagement. Reducing respondent time burden and providing
respondents with a satisfying user experience promotes its use and, potentially, supports
consistent data collection over longer periods of time. A key manifestation of respondent
burden is the time spent conducting measurement (Table 3, top panel). Measurement with
the FoodImage app took participants significantly less time than the diary with visual
estimation or the diary with scale during Prep (25 and 32 s, respectively), Eat (19 and 26 s,
respectively), and Toss tasks (106 and 137 s, respectively), where each of these differences is
statistically significant (see Table S3 for test statistics). If a week involved 14 preparation
events, 28 eating events, and 2 clean-out events, this would represent more than 18 and 24
minutes less time (33% and 43% less time) using FoodImage rather than the diary with
visual estimation and scale methods, respectively.
When directly asked to compare the two overarching measurement approaches (FoodImage
vs. pen and paper diaries) all respondents chose FoodImage when asked “Which method did
you prefer for recording the foods you eat and throwaway?” and when asked which method
saved the most time in measuring waste. The majority (69.6%) perceived that the app was
more accurate for measurement purposes.

Conclusions

Author Manuscript

Participant measures of food waste using the FoodImage app are equivalent to the gold
standard measures obtained by direct researcher measurement for two of the three tasks. The
diary with scale method also featured equivalency on two of the three tasks, but only after
two participants (8.5% of sample) with extreme values on the diary with scale method were
eliminated from the data. The diary with visual estimation method yielded equivalency on
only one task. Similar patterns emerge from examination of mean absolute error by method.
Further, the measurement bias for the one non-equivalent task is predictable for the
FoodImage app, yielding promising avenues for enhanced training and implementation. The

1Secondary analysis also suggests that accuracy features little association with respondent characteristics (age or race, bottom of Table
2) regardless of task or method. Furthermore, accuracy is largely unchanged when the analysis is conducted in Calories rather than
grams (Table S1).
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FoodImage app is also perceived more favorably by participants as it is preferred in direct
comparison, perceived to incur a lower time burden, and perceived to provide greater
accuracy.
This study begins to address van Herpen et al.’s7 question about whether photo-based data
collection methods will suffer from underreporting in the realm of food waste. FoodImage
captured all items presented to respondents, and no respondents had to be removed from
data analyses due to extreme values. In comparison, even adherent diary users omitted a
significant percent of items during the Toss task even within the limited confines of a
laboratory setting immediately following training and in the presence of laboratory staff. We
hypothesize that the number of items omitted in diary-based food waste data collections will
increase in free-living (non-lab) settings and may help explain previous reports of that
diaries provide lower estimates of food waste than waste stream analysis.19–20

Author Manuscript

This positions the FoodImage app as a promising new tool for measuring food waste that is
preferred by participants over more traditional self-report methodologies. However we note
this study features several limitations. While the sample provided enough power to conduct
our planned analyses, we look forward to future validations featuring larger samples that
include more geographic and gender diversity. Instructions provided to participants on app
usage continue to be refined, which could reduce the error associated with measurement,
particularly for Toss incidents. Further work is also needed to streamline the process by
which research staff interpret and encode photos to reduce per-participant costs, which are
currently higher for FoodImage than for diaries.

Author Manuscript

Our analysis also provides insight for practitioners choosing between the two diary variants.
Providing a scale yields improved accuracy over visual estimation without a significant
change in the number of missing items, though this comes at the cost of removing a fraction
of users who fail to accurately record scale weights. Importantly, identifying extreme or
invalid weights in ‘real-world’ settings is particularly challenging since large amounts of
food waste can be generated when preparing food; cleaning up after family meals; and
cleaning out the refrigerator, freezer, or cabinets. Indeed, in our study, the participants that
produced extreme values appeared to use the diary with scale method correctly but simply
recorded units incorrectly (e.g., g, kg) but did so inconsistently, negating the ability to
simply recode the entries in a real-world situation. We had the luxury in this study of being
able to identify extreme values as being gross errors since the criterion values were known,
but in real world conditions some extreme values will reflect real and accurate data (e.g.,
discarding ten pounds of rotting potatoes).

Author Manuscript

In addition, user time burden is estimated to increase by about 6 minutes (7.7%) a week
when using a scale versus visual estimation while data collection costs will increase because
scales must be purchased. Moreover, the ability of participants to carry and use a scale when
outside the home significantly limits the feasibility and use of this approach. Hence,
researchers must consider the tradeoff between the enhanced accuracy provided by diaries
with scales against the higher rates of usable data and lesser time burden and cost associated
with diaries reliant on visual estimation.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Author Manuscript

Mean error with 95% confidence interval bars by measurement method and task for all
participants (black cross) and adherent participants (red cross). Notes: 20 g equivalency band
depicted with green dashed lines. **The 95% confidence interval for diary with scale
confidence interval extends in both directions beyond the region depicted on the graph. *The
mean and entire 95% confidence interval for diary with scale lies above the region depicted
on the graph.
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Figure 2.

Mean Absolute Measurement Error by Method and Task. Whiskers are 95% confidence
intervals. Bars within the same task cluster that share a letter are not significantly different at
the 5% level. Cross-hatched bars extend outside the graph’s range.
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Table 1.

Author Manuscript

Item Coverage and Measurement Accuracy by Method
FoodImage

Diary: Visual Estimation

Diary: Scale

All Participants
Items Missed

% Items Not Measured

Prep (N=54)

0a

0a

0a

Eat (N=73)

0a

6.8a

5.5a

Toss (N=190)

0a

4.7b

3.2b

Accuracy (g)

Measurement error: deviation from criterion value (g) (standard deviation) [95% confidence interval]

Author Manuscript

Prep (N=54)

−7.33a
(38.67)
[−17.88, 3.23]*

9.07b
(106.60)
[−20.01, 38.16]

4232.0c
(21,718.2)
[−1695.9, 10,159.9]

Eat (N=73)

−2.30a
(14.50)
[−5.68, 1.08]**

3.18b
(20.72)
[−1.65, 8.02]*

536.7c
(2730.6)
[−100.4, 1173.8]

Toss (N=190)

−16.25a
(84.72)
[−28.38, −4.13]

31.34b
(134.80)
[12.04, 50.63]

20,553.6c
(111,151)
[4647.1, 36,460.1]

Variance

Variance of measured values (variance of criterion values)
(9499.5)

9787.7a
(9499.5)

472,062,529c
(9499.5)**

Eat (N=73)

842.1a
(746.6)

1363.3b
(746.6)**

7,455,630c
(746.6)**

Toss (N=190)

34,596a
(35,419)

48,312b
(35,419)**

12,370,778,176c
(35,419)**

Prep (N=54)

9227.0a

Adherent Participants

Author Manuscript

Items Missed

% Items Not Measured

Prep (N=50)

0a

0a

0a

Eat (N=66)

0a

6.1a

6.1a

Toss (N=174)

0a

5.2b

3.4b

Accuracy (g)

Measurement error: deviation from criterion value (g) (standard deviation) [95% confidence interval]

Author Manuscript

Prep (N=50)

−7.63a
(40.00)
[−19.00, 3.74]*

6.20a
(107.00)
[−24.21, 36.61]

−3.99a
(35.60)
[−14.11, 6.12]*

Eat (N=66)

−2.46a

3.36a

3.35a

FoodImage

Diary: Visual Estimation

Diary: Scale

(15.24)
[−5.59, 0.67]*

(21.77)
[−1.99, 8.71]*

(37.79)
[−5.94, 12.65]*

−18.19a
(87.76)
[−31.33, −5.06]

26.81b
(134.00)
[6.76, 46.85]

5.52c
(105.50)
[−10.25, 21.30]

Toss (N=174)

Variance

Prep (N=50)

Variance of measured values (variance of criterion values)
9803.40a
(10,080.16)

8828.74a
(10,080.16)

10,920.25a
(10,080.16)
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FoodImage

Eat (N=66)

916.63a

Author Manuscript

(808.42)

Toss (N=174)

28,056.25a
(30,450.25)

Diary: Visual Estimation

Diary: Scale

1480.68a,b
(808.42)**

2144.89b
(808.42)**

41,861.16b
(30,450.25)**

35,268.84a,b (30,450.25)

Notes: shared superscript letters in the same row denote figures (means or variances, depending on the row) that are not significantly different from
one another.
*

denotes that the measurement method is equivalent to the criterion value, which was defined prior to analysis as ± 20 g of the weight obtained by
research staff in the test kitchen.

**

denotes the variance of the experimental measurement values differ significantly from the variance of the criterion values.

Author Manuscript
Author Manuscript
Author Manuscript
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Table 2.

Author Manuscript

Secondary Analyses of Accuracy by Method among Adherent Participants
FoodImage
Measurement Error vs. Criterion Weight

Diary: Visual Estimation

Diary: Scale

Regression Slope (standard error) [t-value]

Prep (N=50)

−0.58
(0.35)
[−1.66]

−0.59
(0.11)
[−5.39]*

−0.17
(0.41)
[−0.42]

Eat (N=66)

−0.23
(0.22)
[−1.08]

0.26
(0.16)
[1.65]

−0.02
(0.09)
[−0.25]

Toss (N=174)

−0.62
(0.14)
[−4.41]*

−0.15
(0.10)
[−1.54]

−0.25
(0.12)
[−2.10]*

Absolute Value of Measurement Error vs. Criterion Weight

Regression Slope (standard error) [t-value]

Author Manuscript

Prep (N=50)

1.14
(0.34)
[3.36]*

0.95
(0.09)
[10.01]*

1.38
(0.37)
[3.71]*

Eat (N=66)

1.34
(0.16)
[8.38]*

0.95
(0.13)
[7.08]*

−0.01
(0.09)
[−0.07]

Toss (N=174)

0.57
(0.15)
[3.79]*

0.23
(0.11)
[2.11]*

0.49
(0.13)
[3.63]*

Prep (N=50)

1600.01a

11,449.00b

1267.10a

Eat (N=66)

232.39a

474.04b

1428.26c

Toss (N=174)

7702.50a

17,956.00b

11,130.30c

Variance of Measurement Error

Measurement Error by Respondent Age

Difference: (25 or younger) - (older than 25) (Standard Error)

Author Manuscript

Prep

−29.07
(24.18)

−63.61
(38.00)

−20.02
(20.31)

Eat

−2.44
(2.94)

1.12
(5.95)

−9.59
(9.77)

Toss

−2.37
(17.66)

−29.88
(27.12)

0.74
(19.85)

Measurement Error by Respondent Race

Difference: (not Caucasian) - (Caucasian) (Standard Error)

Prep

4.03
(27.24)

−77.57
(37.96)

8.79
(22.45)

Eat

0.79
(3.27)

−9.88
(6.26)

−7.84
(11.08)

Toss

10.18
(19.03)

−43.18
(28.69)

−33.99
(20.21)

Notes:

Author Manuscript

*

denotes the top value in the cell (regression slope or between-group difference) is significantly different from zero at the 5% level. Figures in the
same row that share the same superscript letter are not significantly different at the 5% level.
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Table 3.

Author Manuscript

Time Burden and User Perceptions Among All Participants
FoodImage
Time Burden (s)

Diary: Visual Estimation

Diary: Scale

Mean (standard deviation) N
69.1a
(37.3)
45

94.1b
(45.3)
45

101.0b
(43.5)
45

Eat

74.7a
(39.4)
44

94.1b
(42.6)
44

100.5b
(45.7)
43

Toss

138.4a
(66.1)
44

244.3b
(66.1)
44

277.4c
(69.4)
43

Prep

User Perceptions***

Author Manuscript

User preferred method

100.0a

0.0b

Perceived lower time burden

100.0a

0.0b

Perceived more accurate

69.6a

30.4b

Notes. Figures in the same row that share a superscript letter are not significantly different from one another.
***

Comparative user perceptions were elicited for FoodImage and for diaries in general (without distinguishing between diaries with scale versus
visual estimation). All values represent the percent of the 24 participants who chose the specified approach in response to the question.
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